Cytokines are important mediators during immune response and for this reason their role as well as methods for their quantification have been extensively studied in human and animal models. In this context, several strategies for studying cytokine production have been proposed (reviewed in Carter & Swain 1997) . A number of these methodologies are based on the quantification of cytokine-producing cells by flow cytometry (Andersson et al. 1988 , Kreft et al. 1992 , Jung et al. 1993 , Jason & Larned 1997 .
The flow cytometric method for intracellular cytokine quantification provides: (i) rapid acquisition of great number of cells. This is important because even after in vitro stimulation, the frequencies of cytokine producing cells are very low; (ii) not only determination of the percentage of positive cells but also identifies the subpopulation responsible for cytokine production by simultaneous immunophenotyping and intracellular cytokine staining. By these means, it is possible to study the key role of cytokines and T cell subpopulations in the immune response to different pathogens. Furthermore, this technique permits the identification of Th 1, Th 2 and Th 0 cells by simultaneous staining with different anti-cytokine monoclonal antibodies (Elson et al. 1995) ; (iii) measurement of proteins in the cytoplasm of the cells. Data obtained using polymerase chain reaction (PCR) and ELISA which, respectively, measure the mRNA content and the cytokine levels in the supernatants of culture do not represent the actual quantities of these proteins because of discordance between the mRNA and the secreted cytokine levels. In addition, cytokine levels in supernatants could be altered by cell consumption of these cytokines in the culture. Moreover it has previously been reported that depending on the cytokine studied there is no correlation between the mRNA levels, the number of spot-forming cells and the cytokine levels in supernatants (Favre et al. 1997) . Thus, the intracellular cytokine staining technique should be viewed as a useful methodology to evaluate the cytokine-producing cell in several models. It has been proposed that this technique in association with others, such as proliferative responses, apoptosis and cellular cycle (Mehta & Maino 1997) , could be invaluable for the identification of possible mechanisms involved in the regulation of immune response (Carter & Swain 1997) .
In this connection, several works have been performed using intracellular cytokine staining by flow cytometry to study the possible role of specific cytokines in several diseases including infectious mononucleosis (Andersson & Andersson 1993) , common variable immunodeficiency (North et al. 1996) , hyper-IgE-syndrome (Jung et al. 1995) and HIV infection (Meyaard et al. 1996) . However few studies have been done using this technique with parasitic diseases as leishmaniasis.
CYTOKINES IN HUMAN LEISHMANIASIS
Studies on human leishmaniasis caused by Leishmania braziliensis (Lb) (Da-Cruz et al. 1994 , Coutinho et al. 1996 suggest that CD8 + T cells and a typical type 1 response (IFN-γ) are associated with the mechanisms of cure in localized cutaneous leishmaniasis (LCL) while the presence of a mixed type 1 (IFN-γ) and type 2 (IL-4) cytokine profiles is associated with active disease. However, it has not been possible to determine which T cell subpopulation is responsible for this shift in the cytokine profile.
Hence, we adapted a flow cytometric technique to evaluate intracytoplasmic cytokines produced by peripheral blood mononuclear cells (PBMC) from American tegumentary leishmaniasis (ATL) patients after in vitro stimulation with Lb antigens (LbAg). Briefly, cells were fixed with 4% paraformaldehyde, treated with saponin and stained with FITC-conjugated monoclonal antibodies anti-IL-2, anti-IL-4 and anti-IFN-γ respectively. Kinetic studies to identify the best time point at which to detect cytokine-producing cells in ConA-stimulated PBMC from healthy donors showed that the highest levels of IL-2, IL-4 and IFN-γ productions were observed at 24 h after mitogen stimulation. On the other hand, the kinetic studies in ATL patients PBMC showed that the best time point to detect intracellular cytokines was at 16 h of culture irrespective to the stimulus used (ConA or LbAg). Subsequent analysis of intracellular cytokines in cells obtained from patients with different forms of ATL showed that in LCL and in one case of mucocutaneous leishmaniasis there was a mixed type 1 and type 2 cytokine response with the presence of IFN-γ and IL-4 producing cells. In contrast, a typical type 2 cytokine response was found by the cells from one patient with disseminated cutaneous leishmaniasis. These data suggest an important role of cytokine patterns in the immunoregulation of human leishmaniasis (Santiago et al. unpublished data) . However, additional studies will be necessary in order to evaluate the role of cytokine produced before and after cure in the different clinical forms of ATL.
CONCLUSIONS
Currently, two major studies are under investigation in our laboratory concerning cytokine measurement by flow cytometry: the first concerns the use of simultaneous surface phenotype and intracellular cytokine staining and the second involves the use of inhibitory substances, which are able to block protein secretion into the culture supernatants, and as such can be used in an attempt to amplify the fluorescence signals. The available literature points to the fact that the use of these inhibitors in association with paraformaldehyde fixation and saponin permeabilization can be used as an standard assay for studying cytokine production (Schauer et al. 1996) .
In conclusion, the technique for detection of intracellular cytokine by flow cytometry seems to be a powerful method to study cytokine production at a single cell level and may help to improve our understanding of the immune response that occur in leishmaniasis as well as in several other diseases.
